The paper presents the way of the fatigue life calculation of a cryogenic tank dedicated for the carriers ship application. The independent tank type C was taken into consideration. The calculation took into account a vast range of the load spectrum resulting in the ship accelerations. The stress at the most critical point of the tank was determined by means of the finite element method. The computation methods and codes used in the design of the LNG tank were presented. The number of fatigue cycles was determined by means of S-N curve. The cumulated linear damage theory was used to determine life factor.
Introduction
Liquefied natural gas (LNG) becomes more and more popular as an alternative source of energy. In offshore applications it can be used as a fuel to ship engines. In accordance with [1] [2] , tanks for LNG carriers can be divided onto four categories: integral tanks, membrane tanks, semi-mebrane and independent tanks. It is worth mentioning that depending on the storage pressure, three types of independent tanks can be distinguished: A, B and C. A and B are dedicated for storage pressure under or equal to 0.7 bar and C for pressure over 0.7 up to 20 bars. Due to a very fast vaporing of the LNG in normal conditions, the medium is stored in a special construction tank similar to a thermos. A typical design of such tank consists of two shells: external and internal one, connected together with supports. There is vacuum between the shells that helps to keep natural gas in liquid form. The computation of such tank elements is very complex and vast as well as a large type of loads must be taken into account that correspond to: ship's motions, collision, thrust acting on the tanks in case of ship flooding and many others [3] . In the standards [4] [5] , there are adequate calculation codes enabling proper design structures but in case of most complex shapes the best tool to design is computational analysis by means of the finite element method. In [6] comprehensive calculations of the C type tank shell structure were made both in accordance with the calculating code and by FE analysis. Besides the shell structures, one of the crucial element is an internal support. There is some technical contradiction in the design of such a structure. On the one hand, the internal support must be durable enough (large cross-sections) but on the other hand, heat fluxes should be minimalized (small crosssections). So in the design of internal supports a compromise between the mentioned demands must be found. A very complex analysis of internal tanks support was presented in [7] [8] [9] [10] [11] . Different types of material such as polyamide, PTFE where taken into consideration. Based on the literature review there is no procedure of the calculation of the LNG tanks fatigue life. Therefore the main aim of this paper is to show a fatigue life calculation procedure in the design of LNG tank structures.
Tank loads determination
Tanks installed on the ship's board have to fulfill rigorous strength requirements. Examples of the load cases required by DNV are presented in Fig.1 . Nevertheless critical design points have to be checked by additional fatigue calculations. Fig.1 . Load cases applied to a tank design for a maritime application in accordance with DNV rules [1] .
Fatigue loads are a result of ship motions on the waves. The vessel hull is subjected to three linear accelerations and three rotation (angular accelerations). The values of the accelerations depend on the hull's length and shape, location of the center of gravity and center of buoyancy, cursing speed and waves. For independent tanks type C, design accelerations can be calculated as dimensionless in accordance with the following formulas [1] vertical . . .
It is worth mentioning that a z does not include the component of static mass, a y includes the static components in the transverse direction due to rolling, a x includes the static components in the longitudinal direction due to pitching and a t is the total acceleration that corresponds to the load P 0 on probability level Q=10 -8 . In accordance with calculated accelerations, the load spectrum can be determined as the most probable largest load spectrum which can occur once per 1·10 8 waves encountered on the North Atlantic. The load spectrum can be expressed by a number of 8 fatigue loads with a certain number of cycles and probability. A graphical representation of the load spectrum is presented in Fig.3 , in pursuance of the following formulas [12] 
Fatigue calculations
The fatigue calculations should be made for 6 load cases:  LC1 -due to a y +g (in positive transverse direction)  LC2 -due to -a y +g (in negative transverse direction)  LC3 -due to a x +g (in positive longitudinal direction)  LC4 -due to -a x +g (in negative longitudinal direction)  LC5 -due to a z +g (in positive vertical direction)  LC6 -due to -a z +g (in negative vertical direction)
According to the results of the calculations, the amplitude stresses in every direction can be determined [4] :
 fully reversed cycle The combined stress range was calculated, based on the formula
The fatigue life can be calculated based on the S-N fatigue approach, under the assumption of linear cumulative damage. The accumulated fatigue damage may be determined by means of formula [4, 5] 
Different tank filling ratio may be taken into account during calculations. In this case, the total stress can be expressed as [5] 
Example of the calculations
The calculation against fatigue was performed for the LNG tank type C, installed on a ferry board. The tank consists of two vessels: internal where LNG is stored and external that is a vacuum jacket. The structure of the tank is presented in Fig.4 . The most critical place is the weld connection between the internal support elements and internal tank. The calculations of fatigue life of the inner support elements will be made based on the S-N fatigue approach under the assumption of linear cumulative damage [13] . The assumptions for the calculations are as follows:
1 years. The value of this factor was determined under the assumption of a low probability level of a superficial break - Fig.6 . Fig.5 . S-N curves in air [13] . 
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Summary
The article presents a procedure of the fatigue calculations of LNG tanks in the offshore application, based on DNV recommendations. The critical weld connections located especially in an inaccessible area must be cheeked extremely carefully with the assumption of a low level of probability of the coating break (large value of DFF). It is possible to take into account a changeable fluid level inside a tank. The best method for stress determination is the finite element method. As an example, the calculations of a real tank were presented. 
